We present a very simple theoretical framework for extracting spectroscopic data on an atom via stochastic probing with a fluctuating laser source. By exploiting the fact that the linear susceptibility contains all the atomic structure information in it, we show that the power spectrum of the fluctuations in the intensity radiated from an atomic sample provides the relevant, atomic-level information. The analysis we present is very general and can be applied to a wide variety of atomic and molecular systems. McIntyre et al. [3], where the diode laser field, modeled as a phase-diffusing field, was used to probe rubidium. The fact that laser field fluctuations can be used for spectroscopy is quite contrary to the rather accepted notion that fluctuations should be avoided. Previous theoretical studies [4 -7] to understand the issue of laser noise in spectroscopy have usually relied on the solution of some form of the optical Bloch equations with the noise incorporated into the equations.
In a recent paper, Yabuzaki, Mitsui, and Tanaka [I] demonstrated that stochastic fluctuations in the radiation from a diode laser can be used to derive spectroscopic data on an atom. These authors used the technique on Cs transitions, where the intensity fluctuations on a diode laser beam transmitted through an atomic sample were spectrally analyzed to reveal the atomic-level structure information. The method used appears to be an important spectroscopic technique, where the fluctuations in the radiation from a laser are utilized to get useful information. Related experiments have also been performed by McLean, Hannaford, and Fairchild [2] to probe atmospheric oxygen and by McIntyre et al. [3] , where the diode laser field, modeled as a phase-diffusing field, was used to probe rubidium. The fact that laser field fluctuations can be used for spectroscopy is quite contrary to the rather accepted notion that fluctuations should be avoided. Previous theoretical studies [4 -7] 
which when transformed to the time domain reads as [c(t)= I""c(co)e ' 'dao]
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Here we have included an extra phase factor in the homodyning process which would enable us to discriminate between diFerent contributions to the observed signal. Since the field c(t) is fiuctuating, the intensity becomes a stochastic variable. The quantity of interest is the intensity-intensity correlation, which is defined as C, (r)=&I(t+r)I(t)& .
Here X(t) is the Fourier transform of
%'e next consider the detection of the radiated field by homodyning it with the incident field. The instantaneous intensity at the detector will be
The correlation Ct(r) has the significant property of being real and even, i.e. , Ct*(r) = CI(r } and Ct( -r) = Ct(r).
Using Eq. (12) we get C~(r)= lc(t)l2 f X(t+r t')c*(t+-r)c(t')e ' dt'+ f X*(t+r t")c(t+r)c*-(t")e' dt" . 
Assuming that I (co) is real and using the real nature of Cl(r) we can write Eq. (27) as c~"(r)=. f" f" e(~')e(~")r(~')r(~") We next simplify the quadratic contributions to P (co).
We examine the two quadratic contributions separately.
On using the moment theorem C&"(r) can be written as 
The constants y; are related to the densities and oscillator strengths of the transitions. A Lorentzian profile cen-0.0210
The complete quadratic contribution is obtained by adding (29) and (30).
In order to understand the information contained in Eqs. (25), (29), and (30) we consider the simple V system shown in Fig. 1, i .e. , a three-level atom with ground statẽ 3) and two closely spaced excited 1) and 2). The spontaneous decay rates from~1 )~3 ) and 2 )~~3 ) are denoted by 2y» and 2y23, respectively. Assuming that the only allowed transitions are between the levels 1) and~3 ) and between~2) and~3 ), the linear susceptibility of the atomic medium is found to be 
